###### Strengths and limitations of this study

-   This is the first nationwide study conducted in Taiwan to assess the age- and gender-specific burden and complexity of multimorbidity and was carried out between 2003 and 2013.

-   Multimorbidity was defined by existing methods with consideration of geographical or ethnic discrepancies between Western and Asian countries.

-   We identified multimorbidity based on the diagnoses recorded at outpatient or inpatient visits; however, only up to three or five diagnoses were allowed to be recorded in each outpatient or inpatient visit in the National Health Insurance Research Database. Therefore, the prevalence of multimorbidity may be underestimated.

Introduction {#s1}
============

Multimorbidity, defined as the coexistence of two or more chronic health conditions in the same person at the same time, has become a significant challenge to healthcare systems worldwide. Previous studies have reported multimorbidity to be associated with worse clinical outcomes, a poorer quality of life and increased medical expenditures at the individual level.[@R1] At the national level, multimorbidity also incurs significant social and economic burdens due to complex health and welfare demands and the associated costs of caring for individuals with multimorbidity.[@R1] These demands are expected to increase as societies age, as the prevalence of multimorbidity increases with age.[@R3] Nevertheless, effective strategies to manage multimorbidity remain elusive. This may be due to the single-disease paradigm in the current clinical setting, which may result in fragmented care for patients who manifest multimorbidity.

To manage multimorbidity, it is necessary to measure the burden of multimorbidity, but the phenomenon of multimorbidity is not well understood. A simple count of diseases in each patient, either through self-reporting[@R4] or through extracting information from electronic medical records using lists of diagnostic codes,[@R5] has been the most common approach. The extrapolation of the abovementioned studies, however, is difficult due to several limitations. First, most of these estimates came from selected medical institutions[@R3] or are limited to the specific population such as the elderly.[@R3] Some studies used a survey to ascertain the prevalence of multimorbidity in patients who visited their general practitioners.[@R13] However, population-based estimates are usually very limited. Second, the lists of diagnoses differ substantially between studies.[@R6] To the best of our knowledge, there is currently no single set of codes that have been consistently used to identify patients with multimorbidity. Third, the prevalence of multimorbidity in Asian countries is very limited while the prevalence of multimorbidity may vary ethnically or geographically. Based on two systematic reviews conducted by Pati *et al* [@R17] and Hu *et al*,[@R18] as well as on other studies,[@R19] the available evidence of multimorbidity in Asian countries is limited to specific areas in one country[@R19] (ie, no population-based data were available). Evidence is also limited by sample size (mostly including only hundreds of people)[@R19] and by the method used to measure multimorbidity (most studies used self-reported data). Similarly, previous studies have mainly focused on the prevalence of multimorbidity in the elderly.[@R17] In addition, most of the existing studies were cross-sectional, one-time measurements of the prevalence of multimorbidity[@R17] and did not investigate the burden of multimorbidity over time.

To fill the current knowledge gap, this study aimed to estimate population-based age- and gender-specific prevalence and trends of multimorbidity using Taiwan's National Health Insurance Research Database (NHIRD).

Methods {#s2}
=======

Data sources {#s2a}
------------

This population-based, cross-sectional study was conducted using administrative claims data from Taiwan's NHIRD. The NHIRD is a nationwide claims-based database comprising anonymous eligibility and enrolment information, as well as claims for outpatient visits, admissions, procedures and prescription medications, of more than 99% of the entire population (23 million) of Taiwan.[@R22]

We used a subset of the NHIRD that contained claims data for two million randomly selected beneficiaries to create an 11-year (2003--2013) panel of claims for analysis. In this study, we used two subsets of the NHIRD---the 2005 and 2010 Longitudinal Health Insurance Databases (LHID)---as our data source. These two data sets were made up of claims data on one million beneficiaries that were randomly sampled by the National Health Research Institute (NHRI), Taiwan. The one million beneficiaries in LHID 2005 were randomly selected from the 2005 Registry for Beneficiaries of the NHIRD, which includes registration data of approximately 25.68 million beneficiaries of the National Health Insurance (NHI) programme during the year 2005. The one million beneficiaries in LHID 2010 were randomly selected from the 2010 Registry for Beneficiaries of the NHIRD, which includes registration data of approximately 27.38 million beneficiaries of the NHI programme during the year 2010. According to the statistics provided by the NHRI, there were no significant differences in the gender distribution between patients in the LHID 2005 subset and the original NHIRD (χ^2^=0.008, df=1, p=0.931) or between those in the LHID 2010 subset and the original NHIRD (χ^2^=0.067, df=1, p=0.796).[@R23] Therefore, the two subsets were thought to be representable to the original NHIRD, and the results obtained suggested generalisability to the whole Taiwanese population. The sampling and data linkage process is provided in [online supplementary figure S1](#SP1){ref-type="supplementary-material"}.
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A total of two million individuals, which comprised approximately 10% of the total population in Taiwan, constituted the study population.

Patient and public involvement {#s2b}
------------------------------

Patients were not involved in the design and conduct of this study.

Identification of common diseases {#s2c}
---------------------------------

We defined study subjects as patients who had diagnoses of 20 common diseases at outpatient or inpatient visits during the study period. To ensure the specificity of every disease, only those who had at least three outpatient or one inpatient claim records of that specified diagnosis code in 1 year were considered as having that specified disease. This algorithm was adopted from many published studies that have used NHIRD to identify comorbidities.[@R24] For example, one individual must have at least three different visits for hypertension (eg, 1 March, 2 May and 15 July 2003) to be considered as having hypertension in that year. The same algorithm was applied to other diseases. Therefore, if this person also had at least three different visits for diabetes mellitus, then he or she was defined as having two diseases (multimorbidity) in that year. Based on our algorithm, the diseases we selected in this study were chronic diseases.

Similar with most previous studies focusing on multimorbidity, we also specified multimorbidity in this study as patients who concurrently suffered from two or more of the 20 common diseases. The 20 common diseases included hypertension, diabetes, congestive heart failure, coronary syndrome, cardiac dysrhythmias, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, renal disease, liver disease, dementia, other neurological disorders, digestive disorders, osteoporosis, arthritis (including rheumatoid arthritis), anxiety dissociative and somatoform disorders, bipolar disorder, depression, schizophrenia and psychotic disorders, and cancer. The detailed set of diagnostic codes regarding the definition of these common diseases is presented in [online supplementary table S1](#SP1){ref-type="supplementary-material"}. These diseases were selected based on their disease burden, which impacts the whole of society regarding their considerable cost, the requirement for long-term care, reduced health-related quality of life, hospitalisation or death, as illustrated in previous studies.[@R6] Three epidemiologists with clinical and research expertise in chronic diseases and multimorbidity took part in the discussions of the literatures regarding the existing definitions of chronic diseases across scientific papers. There was a lack of consensus over what diseases should be included in the definition of multimorbidity. Therefore, in the current study, we included all those diseases that were included in two previous multimorbidity studies,[@R6] as well as those from a Taiwanese study (our previous study that involved a geriatric specialist) evaluating the association between multimorbidity and unplanned hospitalisations, admission to intensive care units and mortality.[@R25] In this way, we believed the list of diseases we adopted to define multimorbidity was capable of reflecting the disease burden of the Taiwanese population.

Statistical analysis {#s2d}
--------------------

We reported descriptive data on the prevalence of multimorbidity in different age groups (categorised into the following eight groups: 20--29, 30--39, 40--49, 50--59, 60--69, 70--79, 80--89 and 90+ years) and both sexes (men and women) in the years 2003 and 2013 (annual point prevalence). Χ^2^ tests were used to compare prevalences in the years 2003 and 2013. The prevalence of multimorbidity was calculated by dividing the number of patients afflicted with multimorbidity by the population size in each age group regarding the degree of multimorbidity (grouped into 2, 3, 4 and 5+). We further analysed data on the prevalence of each of the 20 common diseases in each age group and sex. The individual prevalence was the estimated fraction (percentage, %), with the number of patients with each disease in each age group and sex as the numerator and the population size of each age group and sex as the denominator.

To analyse the clustering effect, we used graphical displays of the likelihood of co-occurrence with one, two, three, and four or more other diseases for each selected disease in the years 2003 and 2013. The likelihood was the estimated proportion of the number of patients suffering from the same disease with concurrent one, two, three, and four or more other diseases divided by the number of patients with a specific disease. We also used graphics to illustrate differences in the prevalence of multimorbidity and the clustering effect between both sexes and among age groups in 2003 and 2013. All data in this study were analysed using the Python programming language with Mongo database software, V.3.6.4 and V.4.0.2.

Results {#s3}
=======

In general, the prevalence of at least one of the 20 common diseases was 37.23% in 2003, and an approximately 10% increase was observed in 2013 (48.97%; [table 1](#T1){ref-type="table"}). The prevalence of at least one disease ranged from 16.74% in patients aged 20--29 years to 78.05% in those aged 80--89 years in 2003. In 2013, the prevalence varied between 19.85% in patients aged 20--29 years and 92.01% in those aged 80--89 years. Increases in the prevalence of at least one disease from 2003 to 2013 were observed in all age groups ([table 1](#T1){ref-type="table"}, [online supplementary figure S2](#SP1){ref-type="supplementary-material"}). Regarding multimorbidity, the increasing prevalence across all age groups and the different intensities of multimorbidity are of great concern. For instance, the prevalence of 3 of the 20 common diseases was 30.39% in patients aged 60--69 years in 2003, and an approximately 7% increase in prevalence was observed in 2013. In patients aged 90 years or more, the increase was even more significant. Compared with the prevalence of three diseases in 2003 (33.04%; [table 1](#T1){ref-type="table"}, [online supplementary figure S2](#SP1){ref-type="supplementary-material"}), in 2013 it had nearly doubled (66.52%; [table 1](#T1){ref-type="table"}, [online supplementary figure S2](#SP1){ref-type="supplementary-material"}).

###### 

Prevalence of multimorbidity in Taiwan by number of common diseases†, age group and year

  2003                                                  
  --------- ----------- ------- ------- ------- ------- -------
   20--29   285 406     16.74   4.01    1.15    0.36    0.12
   30--39   273 713     24.09   8.04    2.86    1.03    0.37
   40--49   269 568     35.91   16.01   7.08    2.92    1.12
   50--59   175 456     51.70   30.15   16.49   8.00    3.57
   60--69   114 876     66.52   47.08   30.39   17.13   8.70
   70--79   74 756      77.86   62.40   45.66   29.10   16.75
   80--89   20 002      78.05   64.32   48.74   32.39   19.58
   90+      1946        62.23   45.68   33.04   21.12   12.69
   All      1 215 723   37.23   20.07   11.40   6.09    3.07

  2013                                                                              
  --------- ----------- ----------------------------------- ------- ------- ------- -------
   20--29   245 613     19.85[\*](#tblfn1){ref-type="fn"}   5.21    1.49    0.47    0.15
   30--39   295 797     30.49[\*](#tblfn1){ref-type="fn"}   11.18   4.10    1.55    0.60
   40--49   277 889     43.45[\*](#tblfn1){ref-type="fn"}   21.76   10.08   4.35    1.83
   50--59   272 719     59.90[\*](#tblfn1){ref-type="fn"}   37.75   20.87   10.24   4.71
   60--69   173 213     75.39[\*](#tblfn1){ref-type="fn"}   56.84   37.49   21.74   11.70
   70--79   102 826     87.53[\*](#tblfn1){ref-type="fn"}   74.64   57.04   38.44   23.60
   80--89   52 978      92.01[\*](#tblfn1){ref-type="fn"}   82.64   68.10   49.71   33.06
   90+      8492        90.44[\*](#tblfn1){ref-type="fn"}   80.96   66.52   48.39   32.54
   All      1 429 527   48.97[\*](#tblfn1){ref-type="fn"}   30.44   18.61   10.73   5.94

\*P\<0.05 compared with prevalence in 2003 using Χ^2^ tests.

†Hypertension, diabetes, congestive heart failure, coronary syndrome, cardiac dysrhythmias, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, renal disease, liver disease, dementia, other neurological disorders, digestive disorders, osteoporosis, arthritis (including rheumatoid arthritis), anxiety dissociative and somatoform disorders, bipolar disorder, depression, schizophrenia and psychotic disorders, and cancer.

A dramatic increase in the prevalence of multimorbidity from 2003 to 2013 was found for all age groups, especially in those aged 90 years or more, for both men and women ([figure 1](#F1){ref-type="fig"}). Patterns of sex differences in the prevalence of multimorbidity were similar between 2003 and 2013. Specifically, the prevalences of multimorbidity were comparable between men and women in patients aged 49 years or younger. In patients aged between 50 and 79 years, however, the prevalence of multimorbidity was higher in women than in men. In patients aged 80--89 years, the sex difference in the prevalence of multimorbidity was subtle. In patients aged 90 years or more, the prevalence of multimorbidity was much higher in men than in women ([figure 1](#F1){ref-type="fig"}).

![Prevalence of multimorbidity in Taiwan by number of common diseases\*, sex, age group and year. (A) Men and women in 2003. (B) Men and women in 2013.](bmjopen-2018-028333f01){#F1}

The prevalence of each of the 20 common diseases is presented in [table 2](#T2){ref-type="table"}. The prevalence of all 20 diseases remained comparable or increased in all age groups between the years 2003 and 2013. A significantly increased prevalence was observed for cancer, dementia, cerebrovascular disease, and several cardiovascular-related diseases, including hypertension, diabetes, congestive heart failure, cardiac dysrhythmias and peripheral vascular disease. The most frequently observed diseases in the Taiwanese population consisted of hypertension, other neurological disorders, digestive disorders and arthritis (including rheumatoid arthritis). Over half the patients greater than 70 years in 2013 were afflicted with hypertension, and nearly one-third of those suffered from other neurological disorders, digestive disorders or arthritis (including rheumatoid arthritis). Although the prevalence of cancer and dementia was generally low in Taiwan, the disease burden caused by these two diseases cannot be overlooked. Nearly one-fifth of patients aged 90 years or older were affected by dementia, and nearly one-sixth of patients aged 80 years or older were afflicted with cancer in 2013. Additionally, there was a striking increasing trend in the prevalence of these two diseases in older patients.

###### 

Prevalence of 20 common diseases in Taiwan, by age group and year

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  \                                                \                   Patients with condition, n (prevalence, %)   Prevalence of each disease, by age group (%)                                                   
  \                                                \                                                                                                                                                               
  Disease                                          Year                                                                                                                                                            
  ------------------------------------------------ ------------------- -------------------------------------------- ---------------------------------------------- ------- ------- ------- ------- ------- ------- -------
  Hypertension                                     2003                126 651 (10.42)                              0.22                                           1.38    6.31    17.11   29.91   42.36   43.26   28.78

  2013                                             260 198 (18.20)\*   0.43                                         2.38                                           9.54    22.91   39.64   55.39   61.71   56.64   

  Diabetes                                         2003                56 627 (4.66)                                0.20                                           0.77    3.00    8.51    14.04   16.31   12.51   5.86

  2013                                             126 991 (8.88)\*    0.35                                         1.27                                           4.50    11.47   21.10   26.39   25.23   18.38   

  Congestive heart failure                         2003                44 622 (3.67)                                0.06                                           0.38    1.80    5.35    10.43   17.25   19.95   15.88

  2013                                             71 026 (4.97)\*     0.09                                         0.45                                           1.87    4.99    10.10   17.19   24.78   28.24   

  Coronary syndrome                                2003                35 539 (2.92)                                0.04                                           0.25    1.19    3.98    8.75    14.82   16.05   11.20

  2013                                             60 367 (4.22)\*     0.05                                         0.27                                           1.43    4.19    9.38    15.29   19.72   18.86   

  Cardiac dysrhythmias                             2003                14 337 (1.18)                                0.14                                           0.31    0.69    1.47    2.89    5.24    6.67    5.29

  2013                                             29 098 (2.04)\*     0.18                                         0.32                                           0.83    1.79    3.76    6.95    10.88   12.69   

  Peripheral vascular disease                      2003                14 873 (1.22)                                0.07                                           0.13    0.44    1.23    3.34    7.10    8.70    4.78

  2013                                             28 562 (2.00)\*     0.08                                         0.17                                           0.48    1.45    3.92    8.66    11.34   9.89    

  Cerebrovascular disease                          2003                28 098 (2.31)                                0.14                                           0.25    0.86    2.74    6.59    12.09   15.26   11.51

  2013                                             56 770 (3.97)\*     0.18                                         0.38                                           1.12    3.24    7.82    15.35   22.51   23.85   

  Chronic pulmonary disease                        2003                37 897 (3.12)                                0.78                                           1.32    1.95    3.46    7.25    12.22   15.14   12.85

  2013                                             50 705 (3.55)\*     0.74                                         1.26                                           1.80    3.02    5.77    10.73   17.17   21.15   

  Renal disease                                    2003                13 999 (1.15)                                0.18                                           0.34    0.77    1.57    2.80    4.54    5.07    3.44

  2013                                             38 748 (2.71)\*     0.18                                         0.44                                           1.06    2.44    5.19    9.64    13.79   14.13   

  Liver disease                                    2003                43 555 (3.58)                                1.39                                           2.58    4.03    5.53    6.23    5.44    3.41    1.64

  2013                                             71 015 (4.97)\*     0.79                                         2.88                                           5.13    7.28    8.56    8.05    5.69    4.03    

  Dementia                                         2003                5194 (0.43)                                  0.10                                           0.12    0.17    0.27    0.72    2.24    5.06    6.27

  2013                                             18 869 (1.32)\*     0.13                                         0.19                                           0.30    0.51    1.27    4.89    12.77   20.54   

  Other neurological disorders                     2003                124 029 (10.20)                              4.25                                           6.84    9.44    13.12   18.24   24.21   26.53   17.78

  2013                                             217 307 (15.20)\*   6.54                                         10.37                                          13.29   16.90   21.42   29.04   33.85   31.03   

  Digestive disorders                              2003                152 161 (12.52)                              6.81                                           8.54    11.19   14.94   21.03   29.22   32.39   25.95

  2013                                             227 327 (15.90)\*   8.41                                         11.15                                          13.40   17.09   22.01   29.06   35.24   37.48   

  Osteoporosis                                     2003                14 732 (1.21)                                0.09                                           0.13    0.49    2.04    3.59    5.02    6.08    5.45

  2013                                             17 026 (1.19)       0.07                                         0.11                                           0.23    0.74    2.10    5.23    7.67    9.15    

  Arthritis (including rheumatoid arthritis)       2003                149 434 (12.29)                              3.87                                           6.34    11.05   18.01   25.54   31.95   30.18   19.63

  2013                                             226 844 (15.87)\*   4.18                                         7.28                                           12.01   19.46   27.70   37.45   37.03   29.30   

  Anxiety, dissociative and somatoform disorders   2003                52 029 (4.28)                                1.27                                           2.48    4.17    6.34    8.48    9.99    9.49    5.91

  2013                                             89 053 (6.23)\*     1.69                                         3.45                                           5.82    8.00    10.29   11.91   11.18   8.44    

  Bipolar disorder                                 2003                8251 (0.68)                                  0.44                                           0.59    0.72    0.84    0.89    1.03    0.89    0.51

  2013                                             15 439 (1.08)\*     0.51                                         0.80                                           1.25    1.30    1.44    1.50    1.32    0.92    

  Depression                                       2003                11 630 (0.96)                                0.64                                           0.82    0.97    1.14    1.27    1.51    1.61    1.13

  2013                                             24 712 (1.73)\*     0.86                                         1.30                                           1.89    2.00    2.24    2.52    2.59    2.25    

  Schizophrenia and psychotic disorders            2003                7472 (0.61)                                  0.48                                           0.80    0.74    0.57    0.43    0.40    0.55    0.51

  2013                                             11 624 (0.81)\*     0.42                                         0.82                                           1.10    1.00    0.77    0.65    0.55    0.67    

  Cancer                                           2003                37 438 (3.08)                                1.26                                           2.22    3.77    4.11    4.47    5.50    5.46    2.93

  2013                                             83 065 (5.81)\*     1.36                                         2.97                                           5.68    7.22    9.19    11.54   12.57   12.16   
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*P\<0.05 compared with prevalence in 2003 using χ^2^ tests.

As shown in [table 3](#T3){ref-type="table"}, in general, the prevalence of each common disease increased between the years 2003 and 2013 in both men and women. In men, the prevalence of chronic pulmonary disease and cardiovascular-related diseases, including hypertension, congestive heart failure and peripheral vascular disease, was predominant. In women, the prevalence of osteoporosis, arthritis (including rheumatoid arthritis), cancer, and psychosomatic disorders, including depression, anxiety and bipolar disorder, was predominant. Interestingly, the prevalence of dementia in men was slightly higher than in women in 2003; however, in 2013, the condition was much higher in women than in men.

###### 

Prevalence of 20 common diseases in Taiwan, by sex, age group and year

  Disease                                          Year    Prevalence (%)   Prevalence of each disease, by age group (%)                                                                                                                          
  ------------------------------------------------ ------- ---------------- ---------------------------------------------- ------- ------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------
  Hypertension                                     2003    10.52            10.33                                          0.33    0.11   1.90    0.92    7.29    5.42    17.13   17.09   27.66   31.83   39.89   44.96   41.16   45.18   29.55   28.31
  2013                                             19.40   17.13            0.68                                           0.21    3.58   1.35    12.67   6.71    25.93   20.10   40.55   38.81   51.88   58.30   58.03   65.22   54.02   58.70   
  Diabetes                                         2003    4.77             4.56                                           0.21    0.19   1.05    0.51    3.73    2.34    9.15    7.94    13.07   14.86   14.10   18.64   11.47   13.47   5.75    5.93
  2013                                             9.57    8.26             0.40                                           0.31    1.75   0.86    6.18    2.97    13.52   9.56    21.87   20.40   24.50   27.96   22.52   27.81   17.60   18.99   
  Congestive heart failure                         2003    3.71             3.63                                           0.09    0.03   0.54    0.24    2.12    1.51    5.48    5.25    9.58    11.16   16.27   18.28   19.34   20.51   17.10   15.14
  2013                                             5.24    4.72             0.14                                           0.04    0.68   0.25    2.56    1.25    5.82    4.21    10.67   9.58    16.02   18.15   23.37   26.13   27.04   29.18   
  Coronary syndrome                                2003    3.21             2.67                                           0.05    0.03   0.33    0.17    1.51    0.89    4.47    3.55    8.81    8.70    15.53   14.07   16.88   15.30   11.76   10.86
  2013                                             5.00    3.52             0.06                                           0.04    0.44   0.13    2.14    0.78    5.49    2.99    11.24   7.71    16.41   14.36   20.94   18.55   20.42   17.65   
  Cardiac dysrhythmias                             2003    1.19             1.17                                           0.13    0.15   0.29    0.33    0.64    0.73    1.39    1.54    2.90    2.88    5.40    5.06    6.85    6.51    6.57    4.53
  2013                                             2.10    1.98             0.16                                           0.20    0.31   0.34    0.85    0.81    1.83    1.77    3.94    3.60    7.08    6.84    11.69   10.11   12.81   12.61   
  Peripheral vascular disease                      2003    1.23             1.22                                           0.08    0.06   0.16    0.11    0.47    0.41    1.20    1.25    3.01    3.62    7.01    7.19    8.97    8.46    5.61    4.28
  2013                                             2.00    2.00             0.06                                           0.10    0.18   0.16    0.54    0.44    1.60    1.32    3.83    4.00    8.06    9.16    11.76   10.95   11.25   8.82    
  Cerebrovascular disease                          2003    2.61             2.04                                           0.16    0.12   0.34    0.18    1.07    0.67    3.18    2.36    7.05    6.19    13.01   11.11   16.29   14.31   14.09   9.96
  2013                                             4.54    3.46             0.19                                           0.17    0.47   0.29    1.47    0.80    4.05    2.50    9.15    6.61    16.65   14.28   24.45   20.67   24.81   23.09   
  Chronic pulmonary disease                        2003    3.51             2.76                                           0.80    0.76   1.24    1.39    1.99    1.93    3.50    3.41    8.02    6.59    15.19   9.08    19.80   10.86   17.51   10.04
  2013                                             4.00    3.14             0.71                                           0.76    1.16   1.34    1.75    1.85    3.09    2.96    6.52    5.10    13.26   8.62    21.96   12.60   26.98   16.58   
  Renal disease                                    2003    1.29             1.03                                           0.22    0.15   0.42    0.27    0.86    0.68    1.68    1.48    3.02    2.62    4.90    4.16    6.09    4.14    4.51    2.80
  2013                                             3.26    2.22             0.21                                           0.15    0.58   0.32    1.42    0.72    3.04    1.89    6.25    4.23    11.26   8.29    15.84   11.85   16.96   11.91   
  Liver disease                                    2003    4.61             2.66                                           2.12    0.76   3.95    1.36    5.64    2.56    6.38    4.78    6.70    5.83    5.59    5.28    3.90    2.96    2.19    1.32
  2013                                             6.20    3.86             1.12                                           0.49    4.30   1.66    7.35    3.12    8.92    5.76    9.21    7.97    8.49    7.68    6.13    5.28    4.66    3.53    
  Dementia                                         2003    0.46             0.39                                           0.15    0.06   0.18    0.07    0.21    0.13    0.32    0.23    0.75    0.70    2.14    2.35    4.82    5.28    4.24    7.49
  2013                                             1.31    1.33             0.16                                           0.10    0.26   0.14    0.41    0.20    0.63    0.41    1.31    1.23    4.52    5.20    11.70   13.79   18.81   21.89   
  Other neurological disorders                     2003    8.00             12.17                                          3.29    5.08   5.24    8.27    6.90    11.76   9.31    16.48   14.62   21.32   21.26   27.32   23.99   28.86   17.10   18.19
  2013                                             12.02   18.05            4.74                                           8.19    7.79   12.59   10.02   16.25   12.66   20.81   16.84   25.58   25.34   32.12   32.25   35.37   30.73   31.26   
  Digestive disorders                              2003    11.62            13.32                                          4.92    8.46   7.63    9.35    10.53   11.79   13.78   15.96   19.84   22.04   29.87   28.54   34.65   30.32   28.04   24.69
  2013                                             14.01   17.60            5.65                                           10.93   8.59   13.34   11.63   15.00   15.14   18.91   20.14   23.69   28.32   29.67   37.55   33.04   41.88   34.03   
  Osteoporosis                                     2003    0.45             1.89                                           0.13    0.05   0.14    0.13    0.26    0.70    0.41    3.48    0.91    5.87    2.07    8.14    2.75    9.14    4.10    6.26
  2013                                             0.58    1.74             0.09                                           0.05    0.15   0.08    0.26    0.21    0.45    1.02    0.76    3.31    1.98    7.93    3.72    11.43   5.25    12.21   
  Arthritis (including rheumatoid arthritis)       2003    12.26            12.32                                          4.81    3.05   7.46    5.35    11.49   10.65   16.09   19.70   22.43   28.20   30.16   33.85   29.71   30.61   22.85   17.70
  2013                                             15.32   16.36            4.89                                           3.53    8.75   6.03    12.75   11.34   18.01   20.80   24.02   31.04   32.67   41.43   35.62   38.37   30.49   28.36   
  Anxiety, dissociative and somatoform disorders   2003    3.36             5.10                                           1.11    1.42   2.05    2.86    3.26    5.01    4.47    7.99    6.27    10.36   8.18    11.91   8.46    10.44   6.43    5.60
  2013                                             4.90    7.42             1.50                                           1.86    2.95   3.87    4.76    6.78    5.99    9.87    7.55    12.78   9.09    14.26   9.34    12.94   7.93    8.84    
  Bipolar disorder                                 2003    0.55             0.79                                           0.43    0.45   0.44    0.72    0.55    0.87    0.63    1.02    0.72    1.03    0.87    1.20    0.76    1.02    0.55    0.49
  2013                                             0.84    1.29             0.51                                           0.51    0.65   0.93    0.95    1.52    0.97    1.62    1.04    1.79    1.10    1.84    1.09    1.54    0.99    0.86    
  Depression                                       2003    0.80             1.10                                           0.66    0.62   0.65    0.98    0.76    1.15    0.86    1.39    1.00    1.50    1.32    1.71    1.44    1.77    0.82    1.32
  2013                                             1.42    2.00             0.87                                           0.84    1.11   1.47    1.56    2.19    1.56    2.42    1.70    2.73    1.96    2.98    2.23    2.93    2.20    2.29    
  Schizophrenia and psychotic disorders            2003    0.68             0.56                                           0.62    0.37   0.96    0.65    0.81    0.68    0.51    0.62    0.34    0.51    0.37    0.43    0.49    0.61    0.41    0.58
  2013                                             0.89    0.75             0.50                                           0.35    0.98   0.68    1.32    0.91    1.04    0.97    0.70    0.85    0.51    0.77    0.49    0.60    0.59    0.74    
  Cancer                                           2003    2.21             3.85                                           0.90    1.58   1.22    3.11    1.80    5.56    2.80    5.26    4.26    4.66    6.22    4.73    6.82    4.21    4.38    2.06
  2013                                             5.06    6.49             1.02                                           1.67    1.82   3.95    3.41    7.73    5.76    8.57    9.09    9.29    13.37   10.02   15.81   9.49    16.21   8.99    

In [figure 2](#F2){ref-type="fig"}, we depicted sex differences in the prevalence of multimorbidity for individuals suffering from each common disease in 2003 and 2013. Generally, compared with 2003, multimorbidity was more frequently observed in 2013 in both sexes for all common diseases. Except for bipolar disorder, and schizophrenia and psychotic disorders, which were the least likely to occur with other diseases, the other studied diseases might be comorbid to some extent. In 2003, patients with anxiety, dissociative and somatoform disorders, digestive disorders, and hypertension were most likely to suffer from other diseases concurrently, but the differences by sex were minor. In 2013, patients with these diseases were most likely to have other diseases at the same time; however, the sex differences were more noticeable. Specifically, a higher proportion of women suffering from anxiety, dissociative and somatoform disorders, and digestive disorders have greater odds of having other concurrent diseases. A profound sex difference in multimorbidity could also be observed in patients with other diseases, including arthritis (including rheumatoid arthritis), osteoporosis, other neurological disorders and liver disease, where women with the first three of these conditions had a higher prevalence of other concurrent diseases.

![Prevalence of multimorbidity in Taiwan within common diseases, by sex and year. F, female; M, male.](bmjopen-2018-028333f02){#F2}

Discussion {#s4}
==========

To the best of our knowledge, this population-based study is the largest and most comprehensive epidemiological study to provide age- and gender-specific information on multimorbidity in the Taiwanese population. Previous studies of this topic have been limited to Western countries, such as Canada[@R6] or Australia.[@R13] Nevertheless, the aetiology of multimorbidity may have geographical discrepancies. Our study also fills the knowledge gap of existing studies conducted in Asian countries[@R17] by providing nationwide estimates of multimorbidity across different age groups and illuminating the 10-year changes in the multimorbidity burden, which was not available from existing studies. This information is therefore fundamental for constructing national policies to combat the burden of multimorbidity, particularly in Asian countries. Our study also provides indepth analyses of each selected disease and its concomitant comorbidities. This study could thus serve as a valuable reference for formulating strategic disease management plans.

We found that the prevalence of multimorbidity increased in the 10-year follow-up period. This increase is reasonable considering the ageing population[@R28] and is consistent with a previous study conducted in Ontario.[@R6] The prevalence of multimorbidity among residents of Ontario rose from 17.4% in 2003 to 24.3% in 2009, a 40% increase. In our study, the prevalence of multimorbidity rose from 20.07% in 2013 to 30.44% in 2009, a 51.6% increase. The different magnitudes of the increase could have resulted from the various lists of diseases selected to assess multimorbidity; the Ontario study included 16 common chronic conditions,[@R6] while our study included 20 common chronic conditions. However, the rate of demographic ageing in the two different populations may better explain the discrepancies. The population is ageing rapidly in Taiwan. At the end of 2010, 11% of Taiwan's population was 65 years or older. The ratio of elderly people reached 14% (the threshold for an 'aged' society) in 2017, and the estimated ratio is expected to increase to 20% (the threshold for a 'superaged' society) in Taiwan by 2025.[@R29]

An understanding of multimorbidity, particularly in the elderly, is therefore very important for almost every country. In our study, we found that the prevalences of multimorbidity (2+ diseases) in people aged 60--69, 70--79 and 80--89 were 56.84%, 74.64% and 82.64%, respectively, in 2013. The prevalences of multimorbidity (3+ diseases) in people aged 60--69, 70--79 and 80--89 were 37.49%, 57.04% and 68.10%, respectively, in 2013. Facing such tremendous and complex medical demands, it is necessary to reform the current 'single-disease or specialty' paradigm into a 'integrated and comprehensive medical care' model.[@R30] We also found that the combination and intensity of multimorbidity differed in older men and women. This finding may further indicate different medical needs for older men and women, and gender-specific care plans for older people may be warranted. Our estimates can serve as a reference for countries facing a similar rapid speed of population ageing to better allocate medical and social welfare resources, including for Taiwan, our neighbour country Japan[@R31] or other European countries.[@R32]

In addition to older people, the prevalence of multimorbidity among the younger population warrants special attention. As most studies of multimorbidity have focused on older adults,[@R33] evidence regarding this issue in young adults is very limited. In our study, the prevalences of multimorbidity (2+ diseases) in people aged 30--39, 40--49 and 50--89 were 11.18%, 21.76% and 37.75%, respectively, in 2013. This indicates the need for early intervention in those who already suffer from multimorbidity in middle age, as the intensity of multimorbidity gradually increases, as shown in our study. Lifestyle factors in middle age, such as smoking, drinking, exercise and diet, have been reported to be associated with multimorbidity.[@R35]

Most importantly, our study contributes to a better understanding of the indepth details of multimorbidity. In addition to revealing very distinct predominant diseases in men and women, we also revealed the burden of multimorbidity in each common chronic condition. From a clinical perspective, our findings can help further stratify patients within specific disease groups. For example, patient care for those with diabetes mellitus and one other comorbid condition would be very different from patients with diabetes mellitus and four other comorbid conditions. From a policy perspective, our findings can help allocate medical resources more efficiently. Our previous studies have also supported this stratification strategy (identifying high-risk groups), and we found that an increase in diabetic complications was positively associated with an increased risk of hospitalisation and increased healthcare costs.[@R36]

Here, we have provided epidemiological information of age-specific and gender-specific multimorbidity; however, there are some limitations due to the nature of the claims data. First, we identified the disease based on the diagnoses recorded at the outpatient or inpatient visits. However, only up to three or up to five diagnoses were allowed to be recorded for each outpatient or inpatient visit, respectively; therefore, the prevalence of multimorbidity may be underestimated. Second, as we used the NHIRD, the estimations regarding multimorbidity were from the perspective of the national insurance system. Patients who pay out of pocket for their healthcare are not recorded in the NHIRD. Third, as there is no consensus on the number of diseases used to identify multimorbidity, epidemiological comparisons with different countries are difficult. For example, a systematic review conducted by Pati *et al* [@R17] revealed that among 13 studies, the number of health conditions analysed per study varied from 7 to 22, with the prevalence of multimorbidity varying from 4.5% to 83%.

In summary, our study is the first population-based study conducted in Taiwan that provides age-specific and gender-specific information on multimorbidity. The burden of multimorbidity is increasing and becoming more complex in Taiwan. Providing for the needs of individuals with multimorbidity requires collaborative work across healthcare providers and may need to take into account age and gender disparities.
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